This study aimed to investigate the biochar effect on peat soil fertility and uptake of nitrogen, phosphor, and potassium by corn plants.
INTRODUCTION
Peatland area in Indonesia is now estimated to cover 14.90 million ha that spread on the islands of Borneo, Sumatra, and Papua. The thickness of peatland in Indonesia is varying. Approximately 5.24 million ha is shallow peat, 3.91 million ha is moderate peat, 2.76 million ha is deep peat and 2.98 million ha is very deep peat (Ritung, Wahyunto, & Nugroho, 2012) . Currently, peat land utilization is widespread because of the declining availability of agricultural land. However, peatland development is facing both biophysical and environmental challenges. Some critical soil fertility problems will be faced when the peatland converted to an agricultural area. They are low of soil pH, high organic acid content, and low availability of both macro and micronutrients.
Peat soil fertility can be improved by amelioration applications. Utilization of biochar to solve peatland problems has been conducted in Indonesia. As a pyrolysis product containing high organic carbon, biochar is able to improve land quality and fertility also improve biological activity and reduce pollution (Zhu, Chen, Zhu, & Xing, 2017) . Biochar can improve soil fertility i.e soil pH, CEC and TOC in acidic soil (He, Zhong, & Yang, 2017) . Utilization of biochar and compost can increase soil fertility, improve land degradation and mitigate GHG on agricultural land (Agegnehu, Srivastava, & Bird, 2017) . Therefore, to realize environmentally friendly agriculture on peat land the role of biochar is important.
The properties of soil both chemical and biophysical properties on peat soil can be improved by the addition of biochar since it can retain nutrient, thus the loss of N fertilizer can be reduced (Steiner, Das, Melear, & Lakly, 2010) . The characteristic of coconut shell biochar was water content 5.6 %, pH-H 2 O 9.9, the total-N, P, K, and organic carbon were 0.34 %, 0.1 %, 0.84 %, and 80.6 %, respectively (Sukartono, Utomo, Kusuma, & Nugroho, 2011) . While rice husk biochar, had a pH-H 2 O of 7.80, organic C 32.91 % and total N 0.98 % (Kizito et al., 2015) . The characteristic of biochar was affected Copyright © 2019 Universitas Brawijaya by the feedstock and pyrolysis process, especially the temperature and duration of manufacturing time (Cha et al., 2016; Tripathi, Sahu, & Ganesan, 2016) .
In addition to nutrients supply or retention, biochar can provide a good environment (e.g. air and water equilibrium) for the growth of microbes in the soil. Biochar amendment to the soil can the recovery of soil microorganism populations (Gul, Whalen, Thomas, Sachdeva, & Deng, 2015; Shen, Ashworth, Gan, & Yates, 2016) . Biochar and compost influence soil properties, plant growth, and plant yields (Agegnehu, Bass, Nelson, & Bird, 2016) . The effect of biochar to plants varies depending on the characteristics of biochar, soil type, and type of plant (Nguyen, Scheer, Rowlings, & Grace, 2016) . The role of biochar in improving soil fertility and emissions on peatlands has not been widely revealed. Biochar has a direct effect on plant growth through nutrients released and indirectly improves soil buffer capacity in holding nutrients, increasing soil pH, improving soil physical properties and its effect on the role and population of microbes.
Biochar improves soil physical properties and makes it a good medium for microbe (Méndez, PazFerreiro, Gil, & Gascó, 2015) . The combination of biochar and compost has shown favorable effects to increase infiltration and water retention, nutrient cycling and C sequestration in peat soil (Kern et al., 2017) . Biochar can increase the growth and yield of rice plants on peatlands (Lakitan et al., 2018; Maftuah & Indrayati, 2013) . However, the information on the role of biochar in peatlands, especially to increase the fertility and uptake of N, P, K nutrient by plants are limited. This study aimed to investigate the effect of biochar on peat soilfertility and NPK uptake by corn.
MATERIALS AND METHODS
The experiment was carried out at a greenhouse in Indonesian Swampland Agriculture Research Institute (ISARI), Banjarbaru, South Kalimantan. The research was conducted from June to September 2014. Soil samples were obtained from peatlands in the village of Kalampangan, District Sebangau, Palangkaraya, Central Kalimantan.
Biochar materials used came from material that was widely available in wetlands such as, rice husks, coconut shells, palm midrib and Galam stems. Biochars were produced by creating a pyrolysis method using Pirolisator (retort) at a temperature of 400 o C. The chemical properties of biochar that were measured included: C/N ratio, pH, CEC, ash content, Si, Al, Fe, P, K, Ca, and Mg content. Before applying biochar to peat soil, it is mashed to a size of < 2 mm. Biochar ash content and organic C used gravimetric methods. The total of N and Si content were measured by using Kjeldhal and Spectrophotometry methods. Biochar pH was measured using a pH meter using the pH H 2 O method (the ratio of water and biochar is 1:1). The CEC, exchangeable Fe, K, Ca, and Mg were extracted using ammonium acetate 1 N at pH 4.8, and measured by using an AAS, Al content was extracted using 1 N KCl and then measured by using titration methods.
The experimental design used was a factorial randomized block design with two factor and three replications. The first factor was biochar type, consist of rice husks, coconut shells, palm midrib, and Galam stem. The second factor was the application rates consist of 0, 2, 4, 8 and 16 t/ha.
Peat soil was used as much as 7.5 kg in natural conditions (not dried) on a moisture content of approximately 120 %. Peat soil and biochar were mixed, put into a polybag with holes on the bottom, and then incubated at field capacity for up to 2 weeks before planted with corn (Zea mays). NPK compound (contained 9 % N, 13.5 % P 2 O 5 , and 10.9 % K 2 O) at a 300 kg/ha dosage was given to each pot. Additional urea fertilizer at a dose of 200 kg/ ha was given at two and four weeks after planting (WAP).
The initial soil properties were analyzed by taking soil samples at a depth of 0-20 cm by 5 points with a diagonal pattern. The collected samples mixed, and 1 kg subsample was taken for laboratory analysis. The soil properties were evaluated including the pH, total N, organic C, available P, exchangeable of K, exchangeable Ca and Mg, Al, H, Cu, Zn, Sulfate and the total acidity. At the maximum vegetative phase, soil pH, available P, exchangeable K, dry weight of root and shoot, the uptake of NPK were measured. The characteristic of soil was measured using the same method that previously mentioned.
The collected data were analyzed statistically using SAS 9.13 portable software (SAS Institute, 2003) . The anovatest using F test to the observed variables, followed by DMRT to test the different observation variables at P < 0.05 of significance levels.
RESULTS AND DISCUSSION

Peat Soil Characteristics
The peat material is very acidic with the pH value of 3.59, it was caused not only by the noncurrent leaching conditions but also the hydrolysis of organic acids. Organic acids were normally dominated by fulvic and humic acids. They contributed significantly to the low of peat pH. The decomposed organic materials contain reactive groups, such as carboxylic (-COOH) and phenol (C 6 H 4 OH). The reactive groups domination occupied the exchange complex and act as a weak acid that could dissociate and produce H ions in large quantities. The low pH soil affects the availability of macronutrients and a number of micronutrients. (Table 1) . The total acidity of the peat soil was very high. Based on the research of Utami, Maas, Radjagukguk, & Purwanto (2009) , the total acidity in peat soil from Central Kalimantan ranged between 11.90 to 20.06 cmol (+) /kg. Total acidity is closely related to the presence of the carboxylic and phenolic groups. Humic acid is dominated by carboxylic and fulvic acid is dominated by the phenolic groups (Tan, 2010) . The available P was high, either did the exchangeable K. These high P and K content could be originated from the previous fertilizer or amendment residues.
Characteristics of Biochar
All biochars had a high pH (above 9), except for rice husks biochar was 8.99. The highest CEC was in rice husk biochar and the highest of NPK and Mg content was in coconut shell biochar. (Table 2 ). The chemical properties of biochar such as C content, CEC, pH, minerals and ash content were more influenced by the biochar feedstock (Kookana, Sarmah, Van Zwieten, Krull, & Singh, 2011; Zhao, Cao, Mašek, & Zimmerman, 2013) . Biochar has a high surface area so that it can interact with a large number of positive and negative charges (Downie, Crosky, & Munroe, 2009 ). The capacity of metal sorption by biochars is greatly influenced by the surface area and porosity of biochar .
The C/N ratio of biochars depends on the type of biochar and positively associated with C/N materials. The total N content in biochar is about 76 % of the total N content of the raw material (Liu, Li, Jiang, & Yu, 2017) . The ash content of biochar was also varied, depends on the type of biochar. It was positively related to lignin content of material (Enders, Hanley, Whitman, Joseph, & Lehmann, 2012) . The composition of the ash fraction of biochar depends on the mineral content of the raw materials since many inorganic elements do not evaporate at a temperature pyrolysis (Brewer, Schmidt-Rohr, Satrio, & Brown, 2009 ). The quality of biochar depends on the characteristic of feedstock (moisture content and presence of cellulose or lignin) and pyrolysis process (Tripathi, Sahu, & Ganesan, 2016) . Raw materials and the pyrolysis process determine the mineral content of the biochar (Amonette & Joseph, 2009 ). Most of the mineral content of the raw materials will be available in the biochar and partially lost during pyrolysis. For example, poultry litter biochar had high ash content and was very rich in potassium and phosphorous (Agblevor, Beis, Kim, Tarrant, & Mante, 2010) . Biochar from wheat straw had 20.08 % of ash content (Zhang et al., 2012) . The biochar from Swine solids had 92-97 % of ash contents and from poultry litter had 98-100 % (Cantrell, Hunt, Uchimiya, Novak, & Ro, 2012) . The ash contents of biochar varies between 0.4 % to 88.2 % and also volatile matter from 13.2 % to 70.0 %, depends on biochar feedstock (Enders, Hanley, Whitman, Joseph, & Lehmann, 2012) .
Soil Characteristics in the Vegetative Maximum Phase
Soil pH showed no interaction between the type and rate of biochar (Table 3) . However, there was a significant difference among biochar types and rates. Biochar from coconut shells provided a higher pH than others. Soil pH increased when biochars applied at 2 t/ha, however, the increasing rate of 4 t/ha decreased the soil pH at oil palm midrib and coconut shell biochars.
The increasing rate of biochar tends to increase the content of soil total N ( Table 4) . The total N content in biocharis between 0.54-1.28 %, depends on the type of biochar ( Table 2 ). The total nitrogen (N) content of tropical peat soil in some areas of West Kalimantan ranged from 1.83 to 2.40 % (Anshari et al., 2010) . The difference is related to the nature of N in the peatlands that have high diversity due to the translocation process and emissions. The organic nitrogen contained in the peat soil was not easily utilized for plants, because the C/N ratio was high, ranging from 25 to 50. The factors that affected the N mineralization in peatlands were C/N ratio, the quality of organic matter (peat substrate), microbial biomass, temperature, redox potential and the pH of the soil (Reddy & Delaune, 2008) .
The interaction of biochar type and the rate has not significantly affected the soil available P. However, the rate of biochar significantly affected the available P, increasing the rate from 0 to 8 t/ha increased soil available P ( Table 5 ). The ability of peat soil to adsorb P is low because the peat soil contains many reactive functional groups, not only the low molecular weight. The functional groups are such as citric acid, oxalate, and malate. The high molecular weight functional groups are such as humic and fulvic acids. The groups had a negative charge that can act as a bridge between cations and P making it remained on the exchange complex. Phosphorus was a mobile element and would be leaching if the concentration was high in soil solution (Sapek, Sapek, Chrzanowski, & Urbaniak, 2009 ).
The availability of P in peatland is affected by pH, redox potential, the concentration of Fe and Al. Fe and Al are able to significantly fix P through Al/Fe-P bonding, and increase the P absorption in peatlands. P solubility was also affected by soil pH and Eh and under oxidative conditions, P is more stable. The decline of Eh would increase the solubility of P as a result of the FeSO 4 reduction. The redox potential of the soil is negatively correlated to the dissolution of P; low redox potential (more reductive) conditions will increase the leaching of P that increase the P losses from the soil (Banach et al., 2009; Grunth, Askaer, & Elberling, 2008) . In reductive conditions, soil pH increased by deprotonating of a functional acid group and dissolved organic material including a carboxylic group, hydroxide, and citrate.
The concentration of available K in peat soil is varied depending on the type and rate of biochar (Table 6 ). The highest concentration of available K is provided by coconut shell biochar at a dose of 4 t / ha. Potassium in peat soil easily leached because it did not form a coordination bond with the functional groups in the peat soil. Humic compounds that contain -COOH and -OH active are more favorable to bond the polyvalent cations than monovalent cations such as K. The possible K-bond is caused only by the humic acids due to the differences between the two polar properties that stand out so as to form the heteropolar salt. Land hydrological conditions and organic matter mineralization affected the concentration of K in the upper layer of peat (Banach et al., 2009 ).
The Growth of Plant-and Nutrient Uptake
Plant growth can be indicated by its dry weight, both roots, and shoots. The increasing rate of biochar from 0 to 4 t/ha increase the dry weight of plants and further increase the rate to 8 t/ha and reduce the plant dry weight. The rate of Galam biochar based on the equation of Y 0.218 x 2 + 0.203x -0.032 was 3.2 t/ha, the coconut shell biochar based on the equation of Y = -5.606x 2 + 32.05x + 52.62 was 3.2 t/ha, the rice husks based on the equation of Y = -4.75x 2 + 27.61x + 54.85 was 2.9 t ha -1 , the palm midribs biochar based on the equation Y = -5.496x 2 + 31.71x + 51.27 was 2.9 t/ha. The highest plant dry weight was obtained from biochar of coconut shell and palm midrib at a dose of 4 t/ha (Fig. 1) .
The roots N uptake is varied among biochar types. The highest root N uptake was shown by Galam's biochar at 8 t/ha. N uptake by shoots showed a similar pattern among biochar rates. Increased biochar doses up to 8 t/ha, increase N uptake by plants.
The highest N uptake by plant shoot was obtained from the coconut shell biochars at a 4 t/ha and was not different from the palm midrib biochar, respectively reached 3.64 g per plant and 3.63 g per plant (Fig. 2) . Increasing the rate of biochar to 4 t/ha could increase the N uptake by corn plants, however, further by increasing the rate to 8 and 16 t/ha could decrease the N uptake by the corn plant. Biochar of coconut shell containing N total was higher among others. Apart from the material ameliorant, the N donation also came from the added manure as it displayed in the control treatment that has a relatively high content of N. According to Rajkovich et al. (2012) the dose of biochar affects N uptake by corn plants. Increasing the biochar dose from 2.6 t/ha to 9 t/ha increased the N uptake. The dose of biochar 2.6 t/ ha increased N uptake by 15 % greater than without biochar, and the application of 9 t/ha increased the uptake of N to 16 %.
The N uptake by plants is related to the total N content in the soil, especially the available N. In The highest root P uptake was demonstrated by biochar coconut shell at a dose of 4 t/ha (Fig.  3) . The P uptake by the plant shoot on each type of biochar showed different values. Biochar palm midrib and rice husk at 2 t/ha, were able to increase the shoot P uptake. However, increasing the rate to 4 t/ ha decreased P uptake. Biochar coconut shell 4 t/ha provided the highest P uptake by plant shoot.
Based on the results of correlation analysis there was a positive correlation between P content available in the soil with P content in the roots (r = 0.25), P content in plant shoots (r = 0.46*), P uptake by plant roots (r = 0.20), and P uptake by corn shoots (0.21). The P uptake by corn was strongly influenced by P available content in peat soil (Maftuah & Indrayati, 2013) . However, in peat soil, phosphorus was a Fig. 3 . Effect of types and rates of biochar on the P uptake by root (A) and shoot (B) of plants Fig. 4 . Effect of types and rates of biochar on the K uptake by root (A) and shoot (B) of plants nutrient that is mobile and will experience leaching if the concentration is high in the soil solution (Sapek, Sapek, Chrzanowski, & Urbaniak, 2009 ). These conditions, cause P uptake by plants on peatlands generally lower.
Adding biochar is able to increase the K uptake by plants (Fig. 4) . The highest K uptake by roots was provided by palm midrib biochar at 8 t/ha. The highest K uptake by shoot or total was shown by coconut shell biochar at 4 t/ha. Coconut shell biochar contains the highest total K so that it gives additional total K to the soil also higher than the other.
Based on the results of correlation analysis, there was a positive correlation between K available with root dry weight (r = 0.30), K contents on plant roots (r = 0.20) and K contents on plant shoots (r = 0.11), K uptake by plant roots (r = 0.25) and K uptake by plant shoots (r = 0.10). The low level of K available correlation in the soil with K in plants caused by K in peatland is an easily leachable nutrient, because it does not form coordination bonds with peat functional groups (Bohn, Mcneal, & O'connor, 2001) .
Potassium in plant tissues plays a major role in the physiological functions and biochemical processes of plants. Potassium affects several physiological processes in plants; including the growth of meristem tissue, water content; photosynthesis and the transportation process in plant tissues so that it affects the quality of crop yields. Potassium did not only affect the plant physiological processes but also metabolism in plant tissues (Yeo & Flowers, 2007) 
CONCLUSION AND SUGGESTION
Biochar characteristics are varied depending on the raw material. Biochar can increase the peat soil fertility and NPK uptake by maize. There is no interaction effect of biochar type and rate on the soil pH, total N and available P at the maximum vegetative stage of maize, except on the available K. Coconut shell biochar at 4 t/ha of dose increase the peat soil pH, the available K, and the uptake of N, P and K by corn.
